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APPLICATION  OF  ION  IMPLANTATION  INDUCED  DAMAGE  TO 
ELECTRON  DEVICE  FABRICATION  IN  InP 

INTRODUCTION 

In  the  fabrication  of  III-V  planar  structures,  interdevice  isolation  is 
obtained  in  one  of  two  ways .  Either  chemical  dopants  are  selectively  implanted 
into  semi-insulating  (SI)  substrates  to  produce  regions  of  active  material  or 
selected  regions  of  active  layers  are  compensated  with  implantation  induced 
damage  to  produce  the  same  effect.  For  the  purpose  of  interdevice  isolation, 
implantation-induced  damage  is  comparable  to  selective  implantation  in  GaAs  and 
p-type  InP.  In  these  materials,  resistivities  of  10^  ohm'cm  can  be  obtained  by 
proton  bombardment . ^ ^ ^  However,  the  maximum  resistivity  which  has  been  re¬ 
ported  for  proton  bombardment  in  n-type  InP  is  10^  ohm'cm.^)  Since  this  is 
inadequate  for  a  variety  of  applications ,  a  comprehensive  study  of  damage  in¬ 
duced  isolation  in  n-type  InP  was  initiated  and  the  results  of  this  work  are 
detailed  in  this  paper. 

The  study  was  restricted  to  light  ions  (H,  He,  Be,  and  B)  because  the 
depth  of  the  damage  layer  is  inversely  related  to  the  ion  mass.  For  example, 
although  in  n-type  InP  Fe-implantation  has  been  shown  to  produce  chemical  com¬ 
pensation  with  a  resulting  resistivity  of  greater  than  10^  ohm'cm, (3)  300  keV 

Fe  has  a  projected  range  of  only  0.15  pm  in  InP.^^  For  comparison,  300  keV  H 
has  a  projected  range  of  2.6  pm.(^)  For  this  work,  two  test  structures  have 
been  used  to  measure  the  resistance  of  implantation  induced  damage  layers.  We 
have  used  a  vertical  geometry  test  structure  employed  by  previous  work¬ 
ers  (1.  ,2, 3, 5, 6)  an(j  a  device-related  lateral  geometry  test  structure.  In  addi¬ 
tion  to  the  resistance  of  the  as-implanted  layers,  the  thermal  stability  of  the 
damage  layers  was  evaluated  by  measuring  the  layer  resistance  after  a  series  of 
isochronal  anneals. 

Manuscript  approved  October  26, 1982. 
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EXPERIMENTAL  PROCEDURE 

The  geometries  used  for  this  work  are  shown  in  the  first  two  figures. 

Figure  1  shows  the  vertical  geometry.  The  backside  was  metallized  with  a 

AuGe/Au  ohmic  contact  and  the  front  surface  contacted  by  a  thin  (compared  to 

o 

the  maximum  range  of  the  incident  particles)  12  mil  diameter,  1000A  thick  Au 
dot.  The  bulk  samples  used  for  the  vertical  geometry  studies  were  3xl0^/cm^, 
(100),  Sn-doped,  n-type  InP.  A  thin  damage  layer  was  produced  under  the  front 
surface  metallization  with  the  ion  of  interest.  The  resistance  of  this  layer 
was  determined  by  measuring  the  current  flow  from  the  front  to  the  back  of  the 
sample  as  a  function  of  applied  voltage.  The  as-deposited  Au  dot  is  rectifying 
but  is  rendered  ohmic  by  the  particle  irradiation.  Since  the  bulk  InP  has  a 
much  lower  resistance  than  the  damage  layer,  the  resistance  measured  is  that  of 
the  damage  layer. 

The  lateral  geometry,  employed  to  reflect  the  structures  of  technological 
interest,  is  shown  in  Figure  2.  In  this  configuration,  a  damage  region  defined 
by  thick  (compared  to  the  maximum  range  of  the  incident  particles),  concentric, 
circular  metallizations,  was  implanted.  The  resistance  of  this  layer  was  de¬ 
termined  by  measuring  the  current  flow  between  the  concentric  metallizations  as 
a  function  of  applied  voltage.  For  this  part  of  the  study,  10^  cm-^,  n-type, 
vapor-phase-epitaxial  (VPE)  layers  grown  on  Fe-doped  semi-insulating  InP  sub¬ 
strates  were  used.  The  metallizations  were  3  pm  thick  Au,  plated  onto  AuGe/Au 
ohmic  contacts  to  the  surface. 


Damage  layers  produced  by  the  multiple  energy  implantation  of  H,  He,  Be, 
and  B  were  investigated  with  each  geometry.  The  implant  schedule  for  the 
vertical  structure  was  designed  to  produce  the  thickest  layers  possible  with 


the  energies  available.  The  schedules  selected  for  the  lateral  structures  were 
designed  to  penetrate  the  VPE  layer.  The  details  of  the  implant  schedules  are 


SIDE  VIEW 

The  vertical  geometry  test  structure  fabricated  on  bulk  n-type  InP , 
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rhe  lateral  geometry  test  structure  fabricated  on  epitaxial  n-iype 
[nPt  lxlO^/cm^,  on  a  l''e-doped  InP  SI  substrate. 


given  in  Tables  1  and  2.  The  calculated  projected  ranges  cited  for  the  verti¬ 
cal  geometry  have  been  corrected  for  the  energy  loss  in  the  Au  contact. 

To  facilitate  the  comparison  of  a  variety  of  experiments ,  it  is  useful  to 
express  the  results  in  terms  of  resistivities.  For  the  vertical  structure,  the 
resistivity  of  the  damage  layer  was  calculated  from 

p  =  RA/L 

where  A  =>  Area  of  Au  dot 
L  =  Depth  of  damage 

For  the  lateral  structure,  the  resistivity  was  calculated  from 


Ra  +  rb 

«■ 

p  3  2wRT 

£n 

ra 

m 

• 

where  T  =  Thickness  of  VPE  layer  (0.5  pm) 

R^  3  Radius  of  center  (58  pm) 
rb  =  Radius  of  perimeter  (110  pm) 

RESULTS 

A)  Vertical  Isolation 

The  resistivity  of  the  damaged  layer  as  a  function  of  implant  dose  is 
shown  for  each  ion  in  Figure  3.  For  all  the  ions,  there  is  an  optimum  dose  for 
maximum  isolation.  At  lower  doses,  the  resistivity  increases  with  dose.  In 
this  regime,  more  defects  are  being  formed  to  trap  carriers  and  reduce  the  mo¬ 
bility  of  the  remaining  electrons.  At  higher  doses,  the  resistivity  decreases 
with  dose.  Two  mechanisms  have  been  suggested  to  explain  this;  the  banding  of 
defect  levels, and  the  onset  of  hopping  conduction.^  The  maximum  resis¬ 
tivity  observed  for  each  ion  is  between  10^  and  10^  ohm*cm.  The  highest  resis¬ 
tivity  (7x10^  ohm’cra)  was  observed  with  He  bombardment.  The  implant  concentra¬ 
tion  corresponding  to  the  maximum  in  the  resistivity  versus  dose  curve 
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TABLE  1  -  IMPLANT  SCHEDULE 
VERTICAL  TEST  STRUCTURE 


ION 

ENERGY-RELATIVE 

FLUENCE 

FLUENCE 
cm"  ^ 

DOSE 

-3 
cm  J 

PROJECTED  RANGE 

OF  IMPLANT 

300  keV  -  N 

N  =  1013 

1.5xl017 

240  keV  -  0.8N 

N  =  1014 

1.5xl018 

H 

180  keV  -  0.7N 

N  =  5xl014 

7.5xl018 

2.6  um 

125  keV  -  0.65N 

N  =  1015 

1.5xl018 

75  keV  -  0.55N 

N  =  1016 

1.5xl020 

40  keV  -  0.44N 

13  keV  -  0.25N 

300  keV  -  N 

N  =  1012 

1.85xl016 

190  keV  -  0.7N 

N  -  1013 

1.85xl017 

He 

100  keV  -  0.47N 

N  -  10 14 

1.85xl018 

1.2  ym 

50  keV  -  0.285™ 

20  keV  -  0.176N 

550  keV  -  N 

mm 

1.6xl015 

Be 

340  keV  -  0.63N 

N  =  1012 

1.6xl016 

170  keV  -  0.53N 

N  »  1013 

1.6xl017 

1.5  ym 

80  keV  -  0.24N 

N  =  1014 

1.6xl018 

40  keV  -  0.17N 

N  =  3xi014 

4.8xl018 

300  keV  -  N 

N  =  1012 

1.75xl016 

B 

170  keV  -  0.53N 

N  =  1013 

1.75xl017 

0.8  ym 

N  =  5xl013 

8.75xl017 

- .  _ 

*  «0S 


TABLE  2  -  IMPLANT  SCHEDULE 
LATERAL  TEST  STRUCTURE 


ENERGY-RELATIVE 

FLUENCE 


80  keV  -  N 
40  keV  -  0.65N 
13  keV  -  0.41N 


160  keV  -  N 
90  keV  -  0.6N 
40  keV  -  0.48N 
15  keV  -  0.22N 


300  ksV  -  N 
160  keV  -  0.52N 
60  keV  -  0.33N 
20  keV  -  0.1 IN 


300  keV 
i60  keV 
60  keV 
20  keV 


FLUENCE 

cm-2 

DOSE 

cm-3 

PROJECTED  RANGE 
OF  IMPLANT 

N  =  4.22x10^ 

1016 

0.8  id 

N  =  4.22xl012 

1017 

N  -  4.22X1013 

00 

r—i 

o 

r—4 

N  =  1.27xl014 

3xl018 

N  =  4.22xl014 

1019 

N  =  8.4xl012 

2xl017 

0.8  inn 

N  =  6.4xl0^2 

9x10 16 

0.9  id 

N  =  6.4xl09 

1014 

0.8  Jim 

N  =  6.4xl010 

1013 

N  =  6.4xlOU 

1016 

N  =  6.4xl012 

1017 

N  =*  6.4xl013 

1018 

Figure  3.  Average  resistivity  of  the  as-implanted  region  as  a  function  of  im¬ 
plantation  concentration.  The  low  voltage  I-V  characteristics  were 
measured  using  the  vertical  test  structure  on  bulk  n'-type  InP, 
3xl0lb/cm3. 
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is  2x10^,  1.5x10^  and  1.6x10^  cm-^  for  He,  Be,  and  B,  respectively.  How¬ 
ever,  for  H  the  maximum  occurs  at  7.5x10^  cm"3.  These  results  are  summarized 
in  Table  3.  The  results  of  this  portion  of  the  work  coincide  with  the  previous 
work  of  Donnelly  and  Hurwitz.(^)  These  workers  obtained  a  resistivity  of  3  to 
4x10^  ohm’cm  with  multiple  energy  proton  implantation. 

B)  Lateral  Structure 

The  boron  implantation  results  obtained  with  the  lateral  test  structure 
are  shown  in  Figure  4.  As  with  the  vertical  geometry  test  structure,  there  is 
a  relative  maximum  in  the  resistivity  at  10^  B/cm^.  The  maximum  resistivity 
is  1.5x10^  ohm’cm.  Therefore,  for  boron  implantation,  there  is  good  agreement 
between  the  vertical  and  lateral  test  structure  results.  However,  for  proton 
implantation,  there  is  striking  disagreement  between  the  isolation  achieved 
with  the  vertical  and  lateral  test  structures.  For  the  lateral  test  structure 
the  maximum  resistivity  obtained  with  the  proton  implantation  was  2  ohm* cm, 
(see  Figure  5)  compared  to  3x10^  ohm*cm  obtained  using  the  vertical  test  struc¬ 
ture.  He  and  Be  implantation  were  also  used  with  the  lateral  test  structure. 
The  maximum  resistivities  achieved  with  these  ions  were  1.7x10^  and  1.8x10^ 
ohm*cm,  respectively.  Again,  chese  values  are  in  good  agreement  with  the  re¬ 
sults  using  the  vertical  test  structure.  Thus,  for  the  light  ions  considered, 
the  proton  implantation  was  unique  with  respect  to  the  poor  isolation  obtained 
with  the  lateral  test  structure.  A  summary  of  these  results  is  given  in  Table 
4. 

C)  Additional  Studies  of  Proton  Induced  Damage 

To  obtain  low  resistivity  (2  ohm’cm)  in  the  lateral  case  and  high  resis¬ 
tivity  (3x10^  ohm’cm)  in  the  vertical  case  implies  that  there  is  a  low- 
resistivity  layer  in  series  with  the  measurement  in  the  vertical  case  and  in 
parallel  to  the  measurement  in  the  lateral  case.  The  two  most  likely  locations 
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TABLE  3 


MAXIMUM  ISOLATION-VERTICAL  TEST  STRUCTURE 


ION 

DOSE 

FLUENCE  AT  HIGHEST  ENERGY 

RESISTIVITY 

H 

7.5xl0^8/cm3 

5x1 014/ cm2  @  300  keV 

3x1 03  O-cm 

He 

2xl017/cm3 

1013/cm2  @  300  keV 

. 

7.6xl03  O-cm 

Be 

1.6x10^ 7 /cm3 

10*3/cm2  @  550  keV 

2.3xlQ3  O-cm 

B 

1.75xl017/cm3 

1013/cm2  @  300  keV 

. 

5x1 03  Q-cm 
— 

TABLE  A 

MAXIMUM  ISOLATION-LATERAL  TEST  STRUCTURE 


ION 

DOSE 

FLUENCE  AT  HIGHEST  ENERGY 

RESITIVITY 

K 

7.5X1018/CM3 

4.2X1014/CM2  9  80  KEV 

2.3  fi-CM 

HE 

2X10l7/CM3 

8.4X10l2/CM2  @  160  KEV 

1.7X103  ->CM 

BE 

9X1016/CM3 

6.4X1012/’CM2  @  300  KEV 

1.8X193  Q-CH 

B 

1X1017/CM3 

6.4X1012/CM2  @  300  KEV 

1.5X103  O-CM 

10 


n-TYPE  1  x  1017/cm3 


BORON  /cm3 

Figure  4.  Average  resistivity  of  the  as-implanted  region  as  a  function  of 
Boron  concentration.  The  low  voltage  I— V  characteristics  were  mea 
sured  using  the  lateral  test  structure  on  epitaxial  n-type  InP 
.  Ixl017/cm3. 


Figure  5.  Average  resistivity  of  the  as-implanted  region  as  a  function  of  pro 
ton  concentration.  The  low  voltage  I-V  characteristics  were  raea 
sured  using  the  lateral  test  structure  on  epitaxial  n-type  InP 


of  such  a  shunting  layer  are  the  surface  of  the  sample  and  the  interface  of  the 
VPE  layer  and  the  SI  substrate.  To  test  the  hypothesis  of  a  surface  low- 
resistivity  layer,  a  sample  already  implanted  with  protons  was  further  implan¬ 
ted  with  15  keV  He  at  a  fluence  of  1.86x10*2  cm“2.  The  low  energy  He  implant 
significantly  damaged  the  surface,  but  there  was  no  change  in  resistivity.  For 
additional  verification,  an  unimplanted  lateral  geometry  sample  was  implanted 
with  He  at  the  front  half  of  the  VPE  layer  and  H  at  the  back  half. 


He 

40  keV 

4x10*2  cm~2 

15  keV 

1.68x10*2  cm~2 

H 

80  keV 

4.22xl014  cm~2 

40  keV 

2.76xl0*4  cm~2 

Again,  the  as-implanted  resistivity  was  2  ohm* cm.  Since  it  has  already  been 
shown  that  He  at  this  fluence  produces  resistivity  of  2x10^  ohm* cm,  the  front 
of  the  sample  is  isolated.  Apparently  the  low  resistivity  layer  is  near  the 
VPE-substrate  interface. 

To  check  this  hypothesis,  three  experiments  were  performed.  The  first  was 
a  continuation  of  the  He-H  implant  study.  The  specimen  implanted  with  40  and 
15  keV  He  and  80  and  40  keV  H  was  further  implanted  sequentially  with  90,  160, 
and  280  keV  He.  The  resistivities  obtained  were  2.9x102,  7.8x102,  and  9.8x102 
ohm* cm,  respectively.  It  is  seen  that  the  160  keV  He,  which  has  almost  the 
same  range  as  the  80  keV  H,  and  the  280  keV  He  implants  yield  resistivities 
close  to  10 ^  ohm ’em.  Therefore,  the  shunting  layer  is  not  at  the  surface  and 
is  near  the  end  of  the  implant  range. 

The  second  experiment  was  a  study  of  isolation  versus  range  of  the  pro¬ 
tons.  A  low  resistivity  layer  would  be  found  near  the  VPE-substrate  interface 
if  the  protons  did  not  have  enough  energy  to  penetrate  the  VPE  layer.  In  the 
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original  implants,  a  maximum  proton  energy  of  80  keV  was  chosen  since  the  cal¬ 
culated  projected  range  was  0.77  urn,  more  than  150%  of  the  0.5  urn  VPE  layer.  A 
set  of  implants  were  performed  at  even  higher  energies  to  guarantee  that  the 
damage  is  well  beyond  the  V?E-substrate  interface.  A  sample  which  had  been  im¬ 
planted  with  80,  40,  13  keV  protons  was  implanted,  sequentially,  with:  130 

keV,  3.25x10*4  H/cm^;  185  keV,  3.5x10*4  H/cm^;  240  keV,  4x10*4  H/cm^;  and  300 
keV,  5x10*4  H/cm^.  Only  a  minor  increase  in  resistivity  was  seen.  Since  the 
calculated  range  of  300  keV  protons  in  InP  is  2.6  pm,  it  is  unlikely  that  the 
damage  caused  by  these  ions  does  not  extend  past  the  VPE  layer. 

The  third  experiment  investigated  the  interaction  of  the  protons  with  the 
SI  substrate.  The  resistivity  of  the  Fe-doped  InP  was  measured  as  a  function 
of  proton  dose.  The  specimen  preparation  was  identical  to  the  lateral  test 
structure  preparation.  Figure  2,  with  the  following  exceptions:  1)  Fe-doped  SI  j: 

InP  was  used  instead  of  VPE  n-type  InP;  and  2)  prior  to  evaporation  and  plating 
of  the  Au  on  the  front  surface,  Si  was  implanted  and  activated  so  that  an  ac¬ 
tive  layer,  n  =  2x10*^  cm-^ ,  having  a  thickness  of  0.6  pm  was  beneath  the  Au. 

During  the  Si  implantation,  the  region  between  the  concentric  contacts  was 
masked  with  2  pm  of  photoresist  to  maintain  the  SI  property  of  this  area.  For 
the  experiment,  the  sample  was  implanted  with  protons  (80  keV,  40  keV,  13  keV). 

The  low  voltage  I-V  characteristics  were  measured  as  before.  The  resistivity 
of  the  SI  InP  as  a  function  of  proton  concentration  is  shown  in  Figure  6.  For 
doses  equal  to  or  less  than  5x10*^  H/cm^,  the  substrate  remained  SI,  but  for 
greater  doses,  the  resistivity  decreased  monotonically  with  dose.  Between  10*** 

H/cnr*  and  10  *^  H/cnr*,  where  the  isolation  on  the  VPE  sample  was  a  maximum,  the 
substrate  had  a  resistivity  between  60  ohm* cm  and  20  ohm* cm.  Apparently,  the 
activation  of  the  SI  substrate  is  a  significant  factor  in  the  low  resistivities  i 

measured  on  the  proton  implanted  lateral  test  structures.  , 
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Activation  of  the  Fe-doped  SI  substrate  was  also  measured  for  He  implan¬ 
tation.  Resistivity  as  a  function  of  dose  is  shown  in  Figure  6.  The  He  im¬ 
plant  also  decreased  the  resistivity  of  the  Fe-doped  InP  but  to  a  lesser  de¬ 
gree  than  the  protons.  The  optimum  dose  for  resistivity  using  He  implantation 
is  1017  cm“3#  The  resistivity  of  the  n-type  InP  implanted  at  this  dose  with 
He  is  1(P  ohm* cm,  which  is  less  than  the  10^  ohm* cm  measured  in  the  Fe-doped 
InP  at  the  same  He  dose.  Therefore,  the  slight  activation  seen  with  He  im¬ 
plantation  in  Fe-doped  InP  would  not  affect  the  lateral  resistivity  values. 

D)  Anneal  Study 

The  thermal  stability  of  the  damage  layers  was  investigated  using  samples 
prepared  with  the  vertical  test  structure.  30  minute  isochronal  anneals  were 


carried  out  in  50°C  steps.  The  low  voltage  I-V  characteristics  were  measured 
between  each  step.  The  effect  of  temperature  on  the  resistivity  as  a  function 
of  dose  for  each  ion  is  presented  in  Figures  7-10. 

For  the  H  implant,  Figure  7,  the  low  dose  implant  (1.5x10 17  H/cnP)  has  an 
anneal  stage  between  50°C  and  100°C.  All  the  higher  dose  implants  maintain  a 
resistivity  greater  than  10^  ohm* cm  up  to  250°C.  Then  there  is  a  rapid  anneal 
stage  which  reduces  the  resistivity  to  ~  10  ohm* cm.  At  this  stage,  the  low 
voltage  I-V  characteristics  are  no  longer  linear  but  are  those  of  leaky 
Schottky  barriers. 

The  He  implant,  Figure  8,  has  similar  anneal  properties.  The  low  dose 
implant  (1.85x10^  He/cm^)  has  an  anneal  stage  between  50°C  and  100°C.  The 
optimum  dose  implant  (1.85xlol7  He/cm^)  maintains  its  resistivity  above  2x10^ 
ohm* cm  to  300°C.  The  highest  dose  implant  is  least  affected  by  temperature. 
In  fact,  there  is  an  increase  in  the  resistivity  between  300°C  and  400°C.  The 
results  of  the  anneal  studies  of  the  Be  and  B  implanted  samples  demonstrate 
similar  characteristics,  Figures  9  and  10. 
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gure  8.  Anneal  characteristics  of  Helium  implanted  InP.  30  minute  isochronal 
anneal  at  50°C  steps  were  performed  in  flowing  forming  gas.  The  low 
voltage  I-V  characteristics  were  measured  using  the  vertical  test 
structure  on  n-type  InP,  3xl0^/cm^. 
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Figure  10.  Anneal  characteristics  of  Borou  implanted  InP.  30  minute  isochronal 
anneal  at  50°C  steps  were  performed  in  flowing  forming  gas.  The  low 
voltage  I-V  characteristics  were  measured  using  the  vertical  test 
structure  on  n-type  InP,  3xl0^/cm^. 


CONCLUSION 


A  detailed  study  of  damage  induced  isolation  in  n-type  InP  by  light  ion 
implantation  has  been  completed.  Two  test  structures  have  been  utilized,  a 
vertical  test  structure  and  a  lateral  test  structure.  The  thermal  stability 
of  the  damage  layers  were  also  investigated. 

Using  the  vertical  geometry  test  structure,  resistivity  versus  dose 
curves  were  measured  for  H,  He,  Be,  and  B  implantation.  For  each  ion  there 
was  an  optimum  dose  for  maximum  resistivity;  7.5x10*®  H/cm®,  2x10*7  He/cm®, 
1.6x10*7  Be/cm®,  and  1.75x10*7  B/cm®.  Resistivities  of  10®  to  10^  ohm’cm  were 
obtained  with  these  ions.  The  maximum  resistivity  observed  was  7.6x10® 
ohm* cm.  This  was  obtained  with  He  implantation.  With  the  same  geometry, 
Donnelly  and  Hurwitz^®)  obtained  a  resistivity  of  3  to  4x10®  ohm* cm  with  mul¬ 
tiple  energy  proton  implantation. 

The  results  using  t.he  lateral  geometry  test  structure  corresponded  well 
to  those  using  the  vertical  test  structure  for  He,  Be,  and  B  implantation  but 
not  H  implantation.  The  maximum  resistivity  obtained  with  the  H  implantation 
was  only  2  ohm* cm.  It  has  been  demonstrated  that  one  of  the  causes  of  this 
disparity  is  the  reduction  in  the  resistivity  of  the  Fe-doped  InP  substrate 
due  to  proton  implantation.  This  low  resistivity  layer,  acting  as  a  shunt, 
dominates  the  lateral  geometry  test  structure  I-V  measurements.  The  He  im¬ 
plantation  also  reduced  the  resistivity  of  the  Fe-doped  substrate,  but  the 
reduction  was  not  sufficient  to  affect  the  lateral  geometry  test  structure  I-V 
measurements . 

The  damage  induced  dielectric  isolation  has  been  shown  to  be  thermally 
stable  up  to  250°C  for  H  and  greater  than  300°C  for  He,  Be,  and  B  for  the 
doses  producing  maximum  resistivity.  At  low  dose,  there  is  an  anneal  stage 
which  begins  between  50°C  and  100°C.  Therefore,  there  must  be  qualitatively 
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at  least  two  forms  of  defects  affecting  the  isolation.  Likely  candidates  are 
isolated  point  defects  for  the  low  dose  case  and  aggregates  of  these  defects 
in  the  high  dose  case. 

In  conclusion,  it  has  been  shown  that  proton  bombardment  is  unsuitable 
for  the  lateral  isolation  of  epitaxial  structures  on  Fe-doped  SI  InP.  A  con¬ 
ductive  layer  is  produced  by  the  protons  which  enter  the  SI  substrate  and  this 
results  in  a  low-resistance  shunt  in  parallel  with  the  interdevice  isolation. 
He,  Be  or  B  implantation  at  doses  of  2X101  cm  produces  damage  layers  which 
have  a  resistivity  of  10^-10^  ohm* cm.  These  layers  are  thermally  stable  to 
anneal  temperatures  of  300°C  and  can  be  used  to  isolate  bulk  n-type  material 
or  n-type  epitaxial  layers  which  have  been  grown  on  Fe-doped  substrates. 
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